Transferring a huge amount of data between different network locations over the network links depends on the heterogeneous wireless network. Such a network consists of several networks with different access technologies. Traditionally, a mobile device may be moved to achieve the operations of vertical handover, considering only one criterion, that is, the received signal strength (RSS). The use of a single criterion may cause service interruption, an unbalanced network load, and an inefficient vertical handover. In this paper, we propose enhanced vertical handover decision algorithm based on multiple criteria in the heterogeneous wireless network. The algorithm consists of three technology interfaces: Long-Term Evolution (LTE), Worldwide interoperability for Microwave Access (WiMAX), and Wireless Local Area Network (WLAN). It also employs three types of the vertical handover decision algorithms: equal priority, mobile priority, and network priority.
Introduction

1
The demand of data transfer rate and traffic capacity of mobile communication is 2 growing rapidly; thus the concept of heterogeneous network is introduced to meet this 3 demand. In a heterogeneous network, mobility feature is essential because mobile 4 devices must be able to roam throughout the network and able to connect to various 5 radio access technologies. Conventionally, mobile device considers the point of 6 attachment based on single criteria such as Received Signal Strength (RSS). General selection area is given in section 2, followed by the description of multiple criteria 23 handoff decision algorithm in section 3. The simulation methodology is described in 24 section 4. Section 5 presents the results with the related discussions. Section 5 25 presents an analytical model for validated the simulation results; finally, the 26 conclusions constitute the last section. 27 
Related Work
28
There are several methods of vertical handoff decision algorithm, as follows: 29 
RSS based algorithms:
This method use RSS algorithm as the handoff trigger [3] 30 and to decide handoff [4] . RSS based algorithm has been optimized by adapting RSS 31 threshold [5] and by combining RSS threshold with user's velocity and location [6] .
32
Context-aware based algorithms: Handover is decided based on signal quality, 33 network and the context of the mobile device [1] . Context can be defined as the 34 situation of an entity [7] or a location, environment, identity and time [8] .
35
Cost function based algorithms: This method can be approached in two ways -36 network-related cost function and user-related cost function [9, 10] . Variables involved 37 in user-related cost function are security, monetary cost and power 38 consumption [11, 12] .
39
Fuzzy logic based algorithms: The two steps involved are: (a) Fuzzification and 40 weighting procedure [13] . (b) Decision making. This step uses multi attributes 41 decision making (MADM) [14, 15] .
42
Multiple criteria based algorithms: This method combines multiple criteria-based 43 algorithm to reduce power consumption [16] [17] [18] .
44
Generally, RSS based algorithms is the least complex system (Table 1) , but it is 45 also the least accurate. Meanwhile, algorithms such as fuzzy logic and cost function is 46 highly complex, but they are also highly accurate and provide higher network efficiency. 47 So far there has been many research done on multiple criteria vertical handoff decision 48 algorithms. It is found that it can make quantitatively calculated decision using some 49 criteria of the candidates [19] . This conclusion is derived by comparing Multiple Analysis (GRA) [20] . Their performance in handoff efficiency is also examined [21] .
53
The comparison was simulated in the heterogeneous network environment of 54 WLAN, UMTS, and GPRS. Network performance (BER, delay, jitter, and bandwidth) 55 was compared. There is also a comparison and performance evaluation between SAW 56 and weighted product model (WPM) in terms of processing delay [22] Moving on, TOPSIS has several advantages over other multiple criteria algorithms. Its 68 concept is simple, it has efficient computing characteristic and is able to measure 69 relative performance for each alternative [24] . Furthermore, it only requires one 70 subjective input to calculate the decision. During simulation, compared to other 71 algorithms TOPSIS provides higher throughput and lower packet loss [25] . In a 
where 105 r ij represents the non-dimensional matrix.
106
N ij represents the score of option i with respect to criterion j. 
where
120 121
J is the set of benefit attributes or criteria (more is better)
123
J − is the set of negative attributes or criteria (less is better) 124 4. Calculate the separation measures for each alternative.
125
(a) The separation from the positive ideal alternative is:
126 127
(b) The separation from the negative ideal alternative is:
128 129
5. Calculate the relative closest to the ideal solution.
130 131
where 0 < C
. Rank the preference order.
135
A set of alternatives can now be preference ranked according to the descending parameter is presented in Table 2 . The tracks of MNs are randomly paths [27] . The 
Results and Analyses
158
Looking at different point of discussion, there are three types of priority to be 159 considered in multiple criteria handoff decision. They are equal priority, mobile 160 priority and network priority, and there are implemented in a heterogeneous network 161 environment. Each priority performance is compared to traditional method which only 162 considers RSS as it's criteria -multiple criteria method considers cost function, mobile 163 speed and network occupancy. 
173
Number of handoffs for network priority multiple criteria is presented in figure 4 .
174
The improvement is 60%, where the number of handoff averages for traditional method 175 are 44 and the number of handoff averages for network priority multiple criteria is 25. 176 Building on previous discussion, traditional method vertical handoff decision Handoff number probability of network priority method criteria method. Handover failure probability is a fundamental performance metric 186 because it indicates the ability of the network to serve incoming mobile users. However, 187 equal priority multiple criteria improved the average handoff failure probability by 188 24.62%. The average handoff failure probability for traditional method is 0.24 and the 189 average handoff failure probability for equal priority multiple criteria is 0.18. Equal 190 priority has an equal proportion for all criteria (mobile criteria and network criteria);
191 meanwhile handoff failure probability is closely related to the network.
192
Apart from that, providing larger network occupancy and mobile priority multiple 193 criteria can improve handoff failure probability -the average increased by 33.79%. As 194 demonstrated in Figure 6 , the average probability value for traditional method is 0.27 The number of handoff can also be defined as the number of handoff requested during 205 a call connection. Such requests affect the handoff arrival traffic and call admission 206 control policy design [28] . This is why number of handoff is chosen as a parameter to Apart from that, a non-blocked call handoff probability (P N H ) is as follows. To find the approximating of network residence times (r 1 + t 2 + .. + t N H ) for 227 mobile nodes, we will use the probability density function (pdf ) [29] . 
where P f h is the handoff failure probability because of lack of resources. Then can be simplified as follows: 
and 234 235
where pdf x (t) is the random variable x, and Γ(x) = ∞ 0 t x−1 e −t dt.
236
Hence, the mean and the variance of the random variable t i may be found from 11, 237 respectively, as 238 239
Solving 12 for α i andβ i , we have 240 241
Similarly, for the residence time in the first network, we have R t1 = α1 β1 , and letting 242 β 1 = β i , we have 243 244
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It can be seen that R N H is the sum of (N H) gamma distributed random variables 245 with the same shape parameter β i . Hence, R N H is also a gamma distributed random 246 variable with parameters.
hence, the pdf of R N H may be found as 
